Associated cercopithecoid postcrania are rare in the Plio-Pleistocene fossil record, particularly in the case of South African karst cave sites. However, as clear postcranial differences between major papionin clades have been documented, it should be possible to assign isolated papionin postcrania to the Cercocebus/Mandrillus and Papio/Lophocebus/Theropithecus groups wherever sufficient anatomy is preserved. Here, we demonstrate that two partial humeri preserved at Taung, UCMP 56693 and UCMP 125898, are most likely attributable to the Cercocebus/Mandrillus and Papio/Lophocebus/Theropithecus clades, respectively. Univariate analyses (ANOVAs and t-tests) and multivariate analyses (discriminant function analyses) of humeral features, combined with a phylogenetic analysis of 24 humeral characters, all support our assessment. Given that the overwhelming number of craniodental specimens at Taung are attributable to two papionin taxa, Procercocebus antiquus (a member of the Cercocebus/Mandrillus clade) and Papio izodi (a purported fossil species of the modern genus Papio), we assign UCMP 56693 to Pr. antiquus and UCMP 125868 to P. izodi with a high degree of confidence. Implications for cercopithecoid evolution and biogeography are discussed, with a particular emphasis on these two fossil taxa.
Introduction
Associated postcranial fossils are crucial to fully understand the functional morphology, locomotor adaptations, phylogenetic relationships, and evolutionary history of extinct taxa. Unfortunately, primate postcrania associated with identifiable craniodental material are rare in the fossil record. Although cercopithecoid monkeys are relatively common elements of the African PlioPleistocene fauna, there are still a number of taxa for which postcranial specimens cannot be confidently attributed, particularly at South African cave sites. Due to the depositional and preservational environment in karstic caves such as Taung, Sterkfontein, Makapansgat, and Swartkrans, craniodental and postcranial material of multiple individuals and multiple taxa are often jumbled loosely or in the same collected block such that elements found in close proximity cannot be assumed to be associated and are often demonstrably not associated (e.g., the large block of breccia from Taung illustrated by Freedman, 1965) . Thus, in the vast majority of cases, postcranial remains cannot be unequivocally attributed to identifiable cranial remains (e.g., Ciochon, 1994; Elton, 2001) . Because many taxa found in the South African Plio-Pleistocene are thought to be primitive African papionin monkeys (Subtribe Papionina, sensu Strasser and Delson, 1987) , much of the early locomotor history of this highly successful group of primates remains obscured.
In addition to the taphonomic issues involved in associating isolated postcrania at the various Plio-Pleistocene South African cave sites, the task of assigning postcrania to taxon has been previously hampered by the complicated history of African papionin phylogenetic interpretations (e.g., Barnicot and Wade, 1970; Barnicot and Hewett-Emmett, 1972; Cronin and Sarich, 1976; Hewett-Emmett et al., 1976; Szalay and Delson, 1979; Strasser and Delson, 1987; Disotell et al., 1992; Delson and Dean, 1993; Disotell, 1994 Disotell, , 2000 Harris and Disotell, 1998; Tosi et al., 2000 Tosi et al., , 2003 . Among extant African papionins, a major revision in our understanding of phylogenetic relationships has occurred over the last 20 years. Historically, morphological comparisons grouped Cercocebus and Lophocebus in one group (the mangabeys) and Mandrillus and Papio in another group (the baboons), with Theropithecus (the geladas) either belonging with the Mandrillus/Papio group or as the sister taxon to both groups (Szalay and Delson, 1979; Strasser and Delson, 1987; Delson and Dean, 1993) . However, more recent molecular and morphological work has revised these relationships, strongly suggesting that 1) Cercocebus forms a monophyletic group with Mandrillus, and 2) Lophocebus, Papio, Theropithecus, and the newly discovered Rungwecebus are all members of a single clade that is sister to the Cercocebus/Mandrillus group ( Fig. 1 ; Disotell et al., 1992; Disotell, 1994 Disotell, , 2000 Harris and Disotell, 1998; McGraw, 1999, 2002; Tosi et al., 2000 Tosi et al., , 2003 Davenport et al., 2006; Gilbert, 2007; Olson et al., 2008; Burrell et al., 2009; Zinner et al., 2009; Gilbert et al., 2009 Gilbert et al., , 2011 Roberts et al., 2010; Guevara and Steiper, 2014) . McGraw (1999, 2002) have shown that postcranial elements are highly diagnostic of the Cercocebus/Mandrillus and Papio/Lophocebus/Theropithecus clades (no adult skeletal specimens yet exist for the kipunji, Rungwecebusesee Davenport et al., 2006; Gilbert et al., 2011) , suggesting that fossil postcrania from these two phylogenetic groups should be recognizable as well.
In fact, even in the absence of associated partial skeletons, it may still be possible to attribute isolated primate postcrania to craniodental material in certain cases. For example, if one taxon represents the vast majority of fossil primate craniodental specimens at a given site, it may be reasonable to assume on general probability grounds that the majority of isolated primate postcranial specimens found at that site are also attributable to the same taxon (provided the postcranial specimens are within the same general size range as the craniodental material). Another straightforward group of cases involves the distinction of two or more fossil primate taxa of vastly differing size classes or previously established locomotor groups, again making postcranial attribution relatively straightforward on general size grounds, locomotor distinction, or both. Yet a third possibility occurs wherever phylogenetic relationships are well-established among fossil primate taxa at a given site. In these cases, it may also be possible to attribute isolated postcrania to individual taxa provided that phylogenetically informative postcranial features have been previously identified among the taxa in question. For example, at many sites where both adapoid and omomyoid primates are found, in addition to general size differences, isolated postcrania may be attributed to one group or the other on the basis of phylogenetically correlated features associated with their strepsirrhine or haplorhine affinities, respectively (e.g., Beard et al., 1988; Dagosto et al., 1999; Gebo et al., 2001 Gebo et al., , 2012 Dunn et al., 2006; Rose et al., 2009; Dunn, 2010) . Finally, all of the above lines of reasoning may be used separately or in some combination to identify isolated primate postcrania. (Gilbert and Rossie, 2007; Gilbert et al., 2009 Gilbert et al., , 2011 ) and molecular studies (Disotell et al., 1992; Disotell, 1994 Disotell, , 2000 Harris and Disotell, 1998 Two fossil humeri from the southern African Plio-Pleistocene site of Taung provide an excellent test case and opportunity to investigate whether unassociated cercopithecoid postcranial specimens can be assigned with confidence to genus and species. Much of the craniodental material at Taung has been identified to either Procercocebus antiquus (hypothesized to be a member of the Cercocebus/Mandrillus clade [e.g., Gilbert, 2007 Gilbert, , 2013 ) or Papio izodi (most likely to be a member of the Papio/Lophocebus/Theropithecus clade, as generally suggested by its taxonomic attribution [e.g., Freedman, 1957; Szalay and Delson, 1979; Jablonski, 2002; Jablonski and Frost, 2010] ). Given the high probability, based on craniodental representation, that the papionin postcranial material at Taung belongs to one of these two taxa, and also because of the diagnostic features evident in the postcrania of modern members of the African papionin clades McGraw, 1999, 2002) , the isolated humeri at Taung should potentially be assignable to one of these two extinct taxa. Assigning this previously unidentified and unassociated postcranial material at Taung is important for addressing the notable gap in our knowledge of papionin and cercopithecoid postcranial evolution; for example, secure taxonomic attributions would provide new information regarding the functional morphology of the Taung papionin taxa as well as the overall pattern of African papionin locomotor evolution. In addition, taxonomic identification of postcranial material, along with the careful and detailed study of postcranial morphology, may ultimately help to shed light on African papionin phylogenetic relationships, particularly in combination with already established craniodental features.
The Taung cercopithecoids
Fossil mammals were first recovered from lime workings at Taung before 1910 (see Haughton, 1925; Gear, 1958) . At that time, specimens were deposited in the Cape Town Museum (now Iziko South African Museum). Following Dart's (1925) recognition of Australopithecus africanus, additional fossils were collected for the Department of Anatomy, University of the Witwatersrand Medical School (UWMA, Johannesburg) and the Transvaal (now Ditsong) Museum (Pretoria). In 1947e1948, the University of California South African Expedition under the direction of C. L. Camp collected fossils at Taung, Bolt's Farm and other smaller localities. The geology was described and interpreted by F. Peabody (1954) , and the fossils were deposited in the University of California Museum of Paleontology (UCMP, Berkeley), with a selection transferred to UWMA per agreement with R. Broom. Freedman (1965) described a number of primate specimens from this collection.
In 1968, ED borrowed the majority of the primates for further preparation and study in New York. The specimens analyzed in this paper were among the blocks prepared with acetic acid following the technique of Freedman (1957) and others. Each of two smaller blocks contained two fossils, a partial mandible and a partial humerus. Both pairs of fragments fit together to yield a well-preserved mandibular corpus with almost all teeth (UCMP 56658) and a humerus lacking the proximal end (UCMP 56693), discussed below. The large block of breccia illustrated by Freedman (1965) , UCMP 56831, yielded numerous crania and mandibles but only one relatively well-preserved postcranial element, a partial humerus now numbered UCMP 125868. Freedman (1957) recognized two papionin taxa at Taung to which most cercopithecoid craniodental specimens were referred: Parapapio antiquus (Haughton, 1925) and P. izodi (Gear, 1926) . Freedman (1961) described an additional putatively distinct species Papio wellsi, but most later authors have considered this a junior subjective synonym of P. izodi (following e.g., Szalay and Delson, 1979; Gilbert, 2013) . Gilbert (2007) made Pp. antiquus the type species of his new genus Procercocebus, recognizing numerous craniodental features in common with the extant Cercocebus (and Mandrillus) but strongly differing from other species included in Parapapio. P. izodi has traditionally been regarded as an early ancestor of the modern baboon (e.g., Freedman, 1957; Szalay and Delson, 1979; Jablonski, 2002; Jablonski and Frost, 2010) , although Gilbert (2013) has suggested that it may, in fact, be a late stem papioninan rather than a member of the extant genus. Whatever their phyletic affiliations, Pr. antiquus and P. izodi include the overwhelming majority of taxonomically identifiable cercopithecoid craniodental remains found at Taung (Freedman, 1957; Szalay and Delson, 1979; Gilbert, 2007 Gilbert, , 2013 Jablonski and Frost, 2010) , and thus it is likely that most cercopithecoid postcrania found there are also attributable to one of these two papionin taxa.
This study
In this study, we examine the two fossil cercopithecoid humeri from the University of California Museum of Paleontology (UCMP) Taung collection that appear to be papionins. Preliminary examination of these two humeri suggests that they represent different species and most probably different sexes, with one humerus being more robust in muscle markings, bony processes, and overall shape/size (UCMP 56693, a presumed male), and the other being more gracile (UCMP 125868, a presumed female). Specifically, we analyze morphological characteristics present in each fossil humerus, both quantitative and qualitative, and compare these features to those observed in extant papionins to determine whether each of these two Taung fossil humeri may be categorized as more similar to the Cercocebus/Mandrillus group or the Papio/Lophocebus/ Theropithecus group. If such distinctions can be made, it may be possible to assign the humeri more specifically to Pr. antiquus and/ or P. izodi.
Materials and methods
For this study, we measured and scored 58 papionin humeri from the collections housed in the American Museum of Natural History (AMNH) in New York City, the Smithsonian Institution National Museum of Natural History in Washington, D.C. (USNM), and the Harvard Museum of Comparative Zoology in Cambridge, MA (MCZ) (see Table 1 ). Only wild-shot and non-pathological zoo specimens were included, and among those, we restricted our sample to specimens with fused epiphyses, although humeri with visible epiphyseal lines were incorporated to increase sample sizes. Measurements were taken on the right humerus whenever possible. In addition, we made observations and measurements on Table 1 Sample used in this study.
Species
Sample size (F, M a )
the original UCMP Taung fossil specimens as well as casts of the Taung specimens from ED's research collection (Table 1) . Theropithecus was largely excluded from our study because no Theropithecus craniodental material is known from Taung, making a taxonomic assignment of either fossil humerus to Theropithecus highly unlikely. However, two Theropithecus gelada humeri (one male and one female) housed at the AMNH were examined and scored in order to include Theropithecus in a small cladistic analysis of humeral morphology. We used a mixture of both quantitative measurements and qualitative observations on all specimens, largely based on those characteristics identified by McGraw (1999, 2002) as significant in demarcating the Cercocebus/Mandrillus clade from the Papio/Lophocebus/Theropithecus clade. All measurements were taken using digital calipers and recorded to the nearest tenth of a millimeter.
In total, we examined 10 different traits. Six were quantitative: anterior articular width of the humerus, olecranon fossa width, anteroposterior (AP) depth of the distal humerus, maximum width across the deltoid plane in anterior view, supinator crest maximum length, and brachialis crest maximum width in posterior view (see Table 2 ; Fig. 2 ). In addition, four features were assessed qualitatively: relative extension of supinator crest on humerus (does not extend proximally ¼ 1 or extends proximally ¼ 2), height of lateral margin of olecranon fossa (short ¼ 1 or tall ¼ 2), olecranon fossa depth (shallow ¼ 1 or deep ¼ 2), and shape of olecranon fossa (rounded ¼ 1 or triangular ¼ 2) (see Table 3 ). One of these (relative extension of supinator crest) is seemingly redundant with the quantitative measurement of supinator crest height; however, because we could not scale our quantitative measure relative to overall humeral length in this study (both fossil humeri lack the proximal ends), we felt that our quantitative measurement often failed to accurately capture the clear differences observed in this feature. Accordingly, we scored it qualitatively as well (see also McGraw, 1999, 2002) . The three traits of olecranon shape were added to better express distinctions in this feature implied by the work of Fleagle and McGraw (2002) .
To account for size (and in the light of the missing proximal end of both fossils), we calculated the geometric mean (GM) from the six quantitative measurements listed above plus two other standard measurements available on all extant and fossil specimens (anteroposterior diameter of the humerus approximately at midshaft and biepicondylar width of the humerus) for a total eightmeasurement GM representing the size of each humeral specimen. For each specimen, we then divided the six quantitative measurements of interest by the GM to calculate six indices (Mosimann shape variables, see Jungers et al., 1995) comparable to indices calculated previously by McGraw (1999, 2002) : relative articular width (anterior articular width of humerus/GM), relative olecranon fossa width (olecranon fossa width/GM), relative AP articular depth (distal anteroposterior depth/GM), relative deltoid plane width (maximum width across deltoid plane in anterior view/GM), relative supinator length (supinator crest maximum length/GM), and relative brachialis width (brachialis maximum Table 2 for complete descriptions.
width in posterior view/GM). Because allometric scaling is known to be a significant factor in papionin morphological analyses (e.g., Gilbert and Rossie, 2007; Gilbert et al., 2009) , we also computed the correlation between all six indices and the corresponding GM for each specimen (using Pearson's r) to test for allometric effects. All statistical analyses were performed in SPSS 20. The first set of analyses was univariate. In order to replicate the results of McGraw (1999, 2002) , we pooled data for each clade (Cercocebus/Mandrillus versus Papio/Lophocebus) and tested each relative quantitative measurement for significance using t-tests. In addition, we also tested each clade relative to a sample of macaques to assess significant differences relative to the presumed primitive papionin morphotype using an ANOVA with post-hoc comparisons (Tukey's HSD for equal variances and Games-Howell for unequal variances). To increase sample size and keep consistency across studies, we combined data into a pooledsex sample, as in McGraw's studies (1999, 2002) , in addition to sex-specific analyses. In summary, we tested each of the six relative measurements for the C/M clade, P/L clade, Macaca sample, and two Taung humeri. We conducted these tests three times, each time testing males-only, females-only, and pooled-sex. For qualitative characters, ManneWhitney U-tests were conducted between the extant papionin clades after assigning values of 1 or 2 to each character state for each specimen (Table 3) .
The second set of analyses was multivariate, utilizing discriminant function analyses (DFA). Because the fossil humeri cannot be assigned to sex with absolute certainty, discriminant function analyses were employed including all specimens (male and female), one set assigning three groups (Cercocebus/Mandrillus, Papio/ Lophocebus, and Macaca) and a second set of DFAs with the Cercocebus/Mandrillus and Papio/Lophocebus groups, but with macaques excluded. A third set was run assigning five groups corresponding to each individual genus (Cercocebus, Mandrillus, Papio, Lophocebus, and Macaca). A final set was run with the groups (Thiele, 1993) , employing two or three character states, as described above. Males and females were coded separately for each character, resulting in 24 total characters in the analysis. The full matrix is provided as a nexus file in the Supplementary Online Material accompanying this article.
by genus, but with macaques excluded. In each set, two analyses were performed, one using the six quantitative relative measurements plus the geometric mean, and one using those seven values plus the four qualitative scores as well. In total, we ran eight DFAs. While including non-continuous (i.e., qualitative) data violates some statistical assumptions, DFA is usually considered robust enough to include a small number of non-continuous variables (e.g., Lachenbruch, 1975; Klecka, 1980; Tabachnick and Fidell, 1996; Gordon and Wood, 2013) . For those who prefer continuous variables only, both analyses are included. Prior probabilities for each analysis were calculated on the basis of group size (rather than assuming equal groups).
In addition to DFAs, we also conducted a small combined-sex (i.e., male þ female concatenated matrix; see Gilbert et al., 2009; Gilbert, 2013) phylogenetic analysis based on 24 total characters, 22 specific humeral characters (11 for each sex) and two body size characters (the male and female geometric means), including the fossil humeri as separate operational taxonomic units (OTUs). A full list of characters and character states is given in Table 4 . The final data matrix is provided in the Supplementary Online Material [SOM] . An exhaustive search was conducted in PAUP 4.10b (Swofford, 2003) with Macaca assigned as the outgroup. For assessing levels of clade support, decay indices were calculated along with a 10,000 replication branch and bound bootstrap analysis with replacement.
Results
Morphological comparisons and boxplots (Figs. 3e7) illustrate the distributions of the humeral shape indices, with mean values for each taxon and results from the t-tests/ANOVAs presented in Table 5 . Of the six relative measurements examined in this study, only one was significantly correlated with size (i.e., allometrically influenced): the relative width of the olecranon fossa (r ¼ À0.43, p < 0.01). Despite using slightly different indices based on the geometric mean, the results of the t-tests/ANOVAs corroborate the previous results of McGraw (1999, 2002) . Thus, compared with Papio and Lophocebus, Cercocebus and Mandrillus possess humeri with significantly expanded deltoid planes (males and pooled-sex), significantly narrower articular surfaces (males and pooled-sex), significantly wider brachialis flanges (males and pooled-sex), and significantly narrower olecranon fossae (males, females, and pooled-sex) (Table 5 ; Figs. 3e7). While we were unable to detect a significant difference in relative supinator crest length as expressed over the geometric mean, our qualitative scoring system confirmed McGraw's (1999, 2002) observation that Cercocebus and Mandrillus possess supinator crests that are significantly more proximally extended than Papio and Lophocebus (indeed, this was one of the most consistent and obvious differences between taxa; males, females, and pooled-sex) ( McGraw, 1999, 2002) . However, the fact that comparisons between Macaca and Papio/ Lophocebus are significantly different for only one quantitative index in the pooled-sex and male comparisons (relative olecranon fossa width) suggests that macaques are variable and probably intermediate in some respects of their anatomy (see also boxplots; Figs. 5e7); some of the significance values (or lack thereof) may, in fact, be due to a relatively small sample size.
Looking at UCMP 56693 and UCMP 125868 in the boxplot comparisons (Figs. 5e7) , UCMP 56693 plots within the Cercocebus/Mandrillus range (including outliers) for all significant relative measures and plots outside of the Papio/Lophocebus range for relative articular width, relative olecranon fossa width, and relative deltoid plane width. In addition, UCMP 56693 displays a The DFA of all specimens including the six relative quantitative humeral measures and the geometric mean correctly classifies 93.9% of specimens to either the Cercocebus/Mandrillus group or the Papio/Lophocebus group, with 91.8% correctly classified during cross-validation (Fig. 8a , see Table 6 for full DFA results). Including the four qualitative measures in a second DFA improves the classification values to 100% correct in the original classification and 95.9% in the cross-validation (Fig. 8b, Table 6 ). In both analyses, UCMP 56693 is classified as a member of the Cercocebus/Mandrillus group and UCMP 125868 is classified as a member of the Papio/ Lophocebus group, both with high posterior probabilities (Fig. 8aeb) . When Macaca is included in the quantitative measuresonly DFA, 87.9% of specimens are correctly classified to the Cercocebus/Mandrillus, Papio/Lophocebus, and Macaca groups with 74.1% of specimens correctly classified during cross-validation; when Macaca is included in the quantitative plus qualitative DFA analyses, 91.4% of specimens are correctly classified to the Cercocebus/ Mandrillus, Papio/Lophocebus, and Macaca groups with 82.8% of specimens correctly classified during cross-validation. UCMP 56693 and UCMP 125868 are again classified as members of the Cercocebus/Mandrillus and Papio/Lophocebus groups, respectively, with high posterior probabilities (Fig. 8c, Table 6 ).
To further examine possible morphological similarities in the fossil humeri we also ran DFA analyses using the same sets of variables, but separating individual genera (Cercocebus, Mandrillus, Papio, Lophocebus) (see Fig. 9 and Table 6 ). In these cases, classification values are generally high with UCMP 56693 classified as a member of either the Cercocebus group or Mandrillus group with high posterior probabilities, and UCMP 125868 classified as a member of the Papio group or Lophocebus group with high posterior probabilities (Fig. 9a, Table 6 ). Results are essentially the same when Macaca is included in the analyses (Fig. 9d, Table 6 ).
Finally, a cladistic analysis of 24 humeral characters results in three most parsimonious trees (MPTs), summarized in Figure 10 (for the complete character matrix and individual MPTs, see SOM 1 and 2). In all MPTs, UCMP 56693 is reconstructed as a member of the Cercocebus/Mandrillus clade, specifically as the sister to Mandrillus, while UCMP 125868 is reconstructed as a member of the Lophocebus/Papio/Theropithecus clade, closest to Papio and Theropithecus. Bootstrap values placing the fossil specimens within the C/M and P/L/T clades are high (70% or above), but while bootstrap values supporting a UCMP 56693/Mandrillus clade are moderate (67%), any support for a specific position of UCMP 125868 within the P/L/T grouping is below 55%. Decay indices also suggest support is weakest for the clade containing Papio, Theropithecus, and UCMP 125868, but support is similar for the broader C/M/ UCMP 56693 and P/L/T/UCMP 125868 groupings.
Discussion
The results of this study strongly suggest that UCMP 56693 and UCMP 125868 can be confidently assigned to the Cercocebus/Mandrillus and Papio/Lophocebus/Theropithecus clades, respectively. The results of the ANOVAs, DFAs, and cladistic analysis all independently suggest that both humeri are individually attributable to these clades; thus, given that the most common cercopithecoid craniodental specimens at Taung are recognized as Pr. antiquus (an early member of the Cercocebus/Mandrillus clade) and P. izodi (a possible early member of the Papio/Lophocebus lineage), we suggest that UCMP 56693 is a humerus of Pr. antiquus and UCMP 125868 is a humerus of P. izodi. Furthermore, as no postcrania have been previously attributed to any South African fossil cercopithecoid with any certainty (see Ciochon, 1994 and Elton, 2001 for earlier attempts), these specimens represent the first window into the postcranial evolution of the Cercocebus/Mandrillus and Papio/ Lophocebus clades in the South African fossil record.
Our analyses support the previous work of McGraw (1999, 2002) and note numerous significant differences in humeral morphology between the Cercocebus/Mandrillus and Papio/Lophocebus groups, particularly in the male and pooled-sex comparisons. As previously noted by multiple authors (Nakatsukasa, 1994a (Nakatsukasa, , 1994b (Nakatsukasa, , 1996 McGraw, 1999, 2002 ; Gilbert and Rossie, Table 2 .
*Indicates those values that are significant at the p < 0.05 level between the Cercocebus/Mandrillus and Papio/Lophocebus groups and the Macaca and Papio/Lophocebus groups as determined by ANOVAs and t-tests. **Indicates those values that are significant at the p < 0.05 level between the Cercocebus/Mandrillus and Papio/Lophocebus groups and the Macaca and Papio/Lophocebus groups as determined by ManneWhitney U-tests. Note that there are no significant differences between the Cercocebus/Mandrillus and Macaca groups in these analyses.
2007; Gilbert, 2007 Gilbert, , 2013 Gilbert et al., 2009) , male papionins are more distinctive than females in their overall skeletal anatomy, and so the clearest differences are often noted in the male and pooledsex analyses. Similar to McGraw (1999, 2002) , we also note that the Cercocebus/Mandrillus group resembles Macaca in most quantitative measurements, and that this may suggest that Cercocebus, Mandrillus, and Procercocebus retain morphologies closer to the ancestral condition compared to the Papio/Lophocebus group, which appears to be more derived. Recent mitochondrial DNA studies have suggested that Mandrillus/Cercocebus plus Macaca together may form the sister clade to Papio/Lophocebus/ Theropithecus/Rungwecebus (Finstermeier et al., 2013; Pozzi et al., 2014; Liedigk et al., 2014) , so it is possible that our results instead reflect a close phylogenetic relationship between macaques, Mandrillus, Cercocebus, and Procercocebus. However, we view the mtDNA trees with much skepticism, more likely indicative of a complex and rapid branching history involving mitochondrial introgression and incomplete lineage sorting among papionin taxa (e.g., see Guevara and Steiper, 2014) . Since the preponderance of morphological and molecular evidence, particularly that from nuclear DNA, supports the position of macaques as the basal extant papionin taxon, sister to a clade containing all African papionins (e.g., Harris and Disotell, 1998; Harris, 2000; Xing et al., 2005; Perelman et al., 2011; Springer et al., 2012) , we view this as the best supported phylogenetic hypothesis and therefore consider any similarities between macaques and African papionin taxa as likely symplesiomorphies (or potential homoplasies/parallelisms). This interpretation is further supported by the fact that primitive cercopithecoids such as Victoriapithecus also appear to share humeral characters with Macaca, Cercocebus, Procercocebus, and Mandrillus (Gilbert et al., 2010) . Thus, while there is overlap between macaques and the Cercocebus/Mandrillus clade, our analyses also demonstrate that Cercocebus and Mandrillus are likely to be derived relative to macaques in numerous aspects of their overall humeral morphology, and subtle differences are probably masked in the ANOVAs as an artifact of small sample size. This is evident in the direction of the boxplots as well as the DFAs (which are highly accurate in separating all three groups). With a slightly greater sample size, Fleagle and McGraw (2002) pointed to a few instances where Cercocebus and Mandrillus appear derived, specifically in the relative distal articular width and the prominence of the medial trochlear lip. In both of these features, UCMP 56693 is closest to the mean condition seen in Mandrillus and Cercocebus (see Figs. 3e6 ; Table 5 ), suggesting that it is indeed derived towards these extant taxa and not simply reflecting the primitive condition for African papionins.
In total, these analyses suggest that UCMP 56693, and Procercocebus by extension, was adapted for powerful forelimb/elbow flexion and possessed a narrow, stable elbow joint. In addition, the posteriorly directed medial epicondyle suggests a semi-terrestrial/ terrestrial animal (Fig. 11) . Thus, we interpret UCMP 56693 as evidence that Procercocebus likely engaged in behaviors similar to those of modern Cercocebus and Mandrillus, and that the features in the humerus most likely relate to powerful manual foraging activities on the ground or forest floor (Fleagle and McGraw, 2002) . Furthermore, despite numerous craniodental resemblances to Cercocebus torquatus among extant taxa (see, e.g., Eisenhart, 1974; Gilbert, 2007 Gilbert, , 2013 , the morphology of the UCMP 56693 humerus (particularly the posterior orientation of the medial epicondyle) suggests that Pr. antiquus was likely more terrestrially adapted than C. torquatus. Indeed, the few C. torquatus humeri we examined did not display medial epicondyles as posteriorly oriented as in UCMP 56693. This might in turn support Cooke's (2012) hypothesis that the more arboreal behavior seen in extant C. torquatus represents a derived adaptation relative to the common ancestor with Mandrillus and other Cercocebus mangabeys, despite the fact that C. torquatus appears to retain primitive craniodental features consistent with its likely position as the most basal crown See Fig. 9d a Cross-validation ¼ percentage of specimens correctly classified during cross-validation procedure. Prior probabilities were calculated on the basis of group size (rather than assuming equal groups). UCMP 56693 and UCMP 125868 were kept out of the analyses as unknowns and then classified on the basis of the resulting discriminant function(s). For each analysis, Fossil Classification column lists the group to which each fossil specimen was classified post-hoc. C/M ¼ Cercocebus/Mandrillus group, P/L ¼ Papio/ Lophocebus group. Number in parentheses ¼ posterior probability of the specimen belonging to the given group. See also Figs. 8 and 9.
Cercocebus taxon (Gilbert, 2007; Perelman et al., 2011; Guevara and Steiper, 2014; DeVreese and Gilbert, 2015) . Thus, Pr. antiquus displays a mosaic of morphologies, with craniodental features generally similar to C. torquatus but forelimb features more similar to Mandrillus, providing yet another line of evidence supporting its generic distinctiveness and possibly providing more information about the Cercocebus/Mandrillus primitive condition. Also similar to McGraw (1999, 2002) , our analyses suggest that Papio and Lophocebus are postcranially derived relative to the primitive condition exhibited by macaques. UCMP 125868 clearly resembles extant members of Papio/Lophocebus in nearly all analyses and represents some of the first solid evidence that P. izodi at Taung may be a derived member of this clade rather than a more primitive stem African papionin. While P. izodi craniodental material retains many primitive features relative to extant Papio and Lophocebus (see Gilbert, 2013; Gilbert et al., 2013 Gilbert et al., , 2015 , UCMP 125868 is derived towards Papio and Lophocebus humeri in nearly every respect: a wider articular width, an unexpanded deltoid plane, an unextended supinator crest, a wider olecranon fossa, and a shallower and rounder olecranon fossa. One caveat, however, is that UCMP 125868 displays some damage on the medial side of the distal articular surface, with the medial epicondyle and medial trochlear lip both appearing broken (see Figs. 3 and 4) . This damage no doubt affects the reported values for relative AP depth and relative articular width, with the AP depth being slightly underestimated and the articular width being slightly overestimated. However, it is highly unlikely that the damage is significant enough to affect our overall results, given that minor adjustments in either direction would still lead to UCMP 125868 being much closer in these two measures to the Papio/Lophocebus mean than to that of Cercocebus/Mandrillus. Functionally, the preserved humeral morphology of UCMP 125868 suggests that P. izodi was adapted to a more generalized semi-terrestrial/terrestrial locomotor mode, as evidenced by a very posteriorly directed medial epicondyle and the lack of morphological specializations for manual foraging (Fig. 11) . Among extant Papio and Lophocebus taxa, this morphology is more consistent with terrestrial baboons than with arboreal crested mangabeys, perhaps indicating that Lophocebus is secondarily derived in its arboreal mode of locomotion.
In sum, the evidence provided by UCMP 56693, assigned to Pr. antiquus, and UCMP 125868, assigned to P. izodi, supports the divergence of the major extant African papionin clades in the South African fossil record at Taung, dated to at least 3 to 2 Ma (for estimated age of Taung, see Delson, 1984 Delson, , 1988 McKee, 1993 ; McKee Herries et al., 2013; Hopley et al., 2013) . UCMP 56693 presents additional compelling evidence that the Cercocebus/ Mandrillus clade once extended its range as far south as South Africa and confirms Pr. antiquus as an early member of this group (see also Gilbert, 2007 Gilbert, , 2013 DeVreese and Gilbert, 2015) . While it is still unclear whether P. izodi is a member of the modern genus Papio on the basis of its craniodental morphology (as argued, e.g., by Freedman, 1957 et seq. and Szalay and Delson, 1979) , the evidence presented by UCMP 125868 suggests that it may be a member of the Papio/Lophocebus clade rather than a stem African papionin (as proposed by Gilbert, 2013) . Future phylogenetic analyses including both cranial and postcranial characters may ultimately help clarify its taxonomic status.
Unfortunately, as noted above, there are very few securely identified postcrania among stem African papionin taxa such as Parapapio and Pliopapio to help elucidate locomotor behavior polarity during papioninan evolution. Postcrania attributable to Parapapio jonesi from Hadar suggest that this taxon was more arboreal than living papioninans, with the exception of Lophocebus (Frost and Delson, 2002) . Other postcrania from South Africa less securely attributable to any particular Parapapio taxon suggest both arboreal and (semi-)terrestrial locomotor behaviors and indicate locomotor diversity among stem African papionin taxa (e.g., Elton, 2001; Gommery et al., 2009 Gommery et al., , 2014 . While postcrania attributed to Victoriapithecus and Parapapio lothagamensis both suggest that a semi-terrestrial locomotor adaptation is the most likely primitive condition for papionins as a group (Harrison, 1989; Leakey et al., 2003; Gilbert et al., 2010) , a more complete understanding of papionin locomotor evolution is lacking. In the future, associated postcrania from stem African papionins such as Parapapio ado, Parapapio broomi, Parapapio whitei and Pliopapio alemui will be crucial in further determining character state polarities in papionin locomotor evolution. Given the postcranial specimens from Hadar attributed to Pp. jonesi, it may be possible in the future to make more detailed comparisons with South African postcranial specimens where Pp. jonesi and other species occur. For example, Elton (2001) suggested that a number of arboreal postcranial specimens at Sterkfontein and Bolt's Farm might be attributable to Pp. broomi; if some of these specimens at Sterkfontein, in particular, can be shown to share specific characters with Pp. jonesi from Hadar, it may be possible to attribute these postcrania to Pp. jonesi instead and, in turn, help narrow down the possibilities for attributing the remaining postcrania to other taxa.
For now, our approach has shown that isolated fossil postcrania can be taxonomically identified with a high degree of certainty in paleontological situations where 1) the number of likely referent species is limited and/or 2) the taxa in question are phylogenetically secure, with phylogenetically informative postcranial features documented within immediately inclusive taxa or broader clades. The combination of statistical analysis of metrical variables and cladistic analysis of qualitative features, each with taxonomic and/ or functional value, produced strong concordant indications as to which fossil species the two Taung partial humeri belonged. In turn, these identifications shed light on the locomotor adaptations of the species Pr. antiquus and P. izodi, as well as on the paleozoogeography and locomotor evolution of their broader extant/fossil clades. We hope that future analyses in similar cases will be able to shed further light on papionin and, more broadly, primate locomotor evolution.
